Background: The assessment of emotional expression in patients with ADHD can differ between parent/caregiver and child. Therefore, a new patient-rated version of the Expression and Emotion Scale for Children (EESC) was created and psychometrically analysed.
Psychostimulants are effective in the treatment of ADHD, especially in combination with behavioural therapy, as reported in the Multimodal Treatment Study of ADHD (MTA study) [12] . The non-stimulant atomoxetine is also effective in the treatment of children and adolescents with ADHD [13, 14] . Most trials studying these compounds focus on the core symptoms of the disease reported by the physician and/or the parent and the tolerability of the medications. More recently, some research has focused on the QoL beyond the core symptoms of the disease [15] [16] [17] [18] [19] . Health-related QoL is a multidimensional concept that reflects the subjective physical, social, and psychological aspects of health and is distinct from symptoms of the disorder and objective functional outcomes [20] . The measure of these factors is decisive in the development of comprehensive care therapies and medical interventions.
Generic questionnaires such as the Child Health and Illness Profile -Child Edition (CHIP-CE) [21] and the Child Health Questionnaire (CHQ) [22] have been used. These questionnaires provide valuable information especially for decisions on health resources, as they can provide comparative data on different disorders. The downside of such a general approach is the complexity of these questionnaires, e.g., some domains may not be affected or of interest, like physical domains in psychiatry. Another disadvantage is the possible low specificity regarding disease-specific problems.
Emotional expression can be viewed as one specific component of QoL that has particular importance for ADHD, as the restriction of emotional expression, also known as blunting, is a commonly reported but understudied side effect of stimulants [23] . Restricted emotional expression has previously been reported as appearing "dull or overly restricted" [24] , appearing like a "zombie" [25] , experiencing "personality blunting" [26] , or of "not feeling like themselves" [27] . Perwien et al., developed the parentrated Expression and Emotion Scale for Children (EESC) based on this construct [23] . Whereas parent assessment is an important aspect to measure both core symptoms as well as aspects of QoL, patient assessment can complement this information and provide additional insight into symptoms and QoL. Because this assessment might differ between parent/caregiver and child, it is relevant to be able to obtain subjective information from the child. Therefore, a new patient-rated version of the EESC was created for this study.
One of the secondary research objectives of the present study was to evaluate the parent-and the newly devised patient-rated versions of the EESC in an observational setting and to compare it with other scales used in this study. The focus of this publication is to answer this secondary objective.
The primary research objective of this observational study was to evaluate treatment compliance over one year in children and adolescents with ADHD in a routine clinical setting. Only a small number of observational studies have been undertaken to assess compliance with ADHD medication in routine clinical settings [28] [29] [30] [31] . Given the importance of compliance in the treatment of ADHD [32] , further research on compliance with ADHD medication is clearly important [33, 34] .
An observational study is especially useful in evaluating the EESC as it facilitates to explore the characteristics of the scale in a population being close to normal practice and thus being more heterogeneous than populations normally studied in clinical trials. The strict inclusion and exclusion criteria of clinical trials result in highly selected samples of patients regarding various factors, e.g., comorbid disorders, concomitant therapy, and symptom severity. However, in clinical practice, ADHD medication is used in a much broader range of patients. Furthermore, sites with lower levels of bureaucracy may participate in observational studies, as compared with sites participating usually in clinical studies. Also, it is important to detect problems of a scale that may only be seen in a minimally regulated setting with little training provided to the sites. The characteristics of a scale should be robust enough to be sustained in a realworld setting. This will also ensure that the scale will have good properties in the more regulated setting of a clinical trial. The present article reports the psychometrical properties of the newly devised patient-rated version of the EESC in comparison to the original parent-rated EESC.
METHODS

Study Design and Study Population
The results presented here are based on a prospective, 12-month, observational, non-interventional, open-label study that was carried out in Germany. The study was still ongoing during the analysis presented below and thus only data up to 6 months follow-up are presented. Children and adolescents, aged 6-17 years, with a diagnosis of ADHD according to ICD-10 [35] or DSM-IV [1] criteria, and who were newly initiated on a medication approved for the treatment of ADHD were included in the study. Since ecological validity was intended to be optimized, the diagnosis of ADHD was given by the clinician according to practice guidelines, but was not confirmed by standardized diagnostic instruments. The diagnostic process should be as naturalistic as possible reflecting the current daily practice of the clinician. All patients were not previously treated with any ADHD medication. All treatment decisions, e.g., the choice of the approved medication, the dose, stopping of medication, or augmenting medication during the study were left to the discretion of the investigator. No further in-or exclusion criteria were specified. The responsible Ethics Committee approved the study and all patients and parents participating in the study were fully informed and gave written informed consent for the release of information according to local regulations. More details of the study design are accessible on the internet via the Lillytrials.com and clinicaltrials.gov websites.
Data Collection
Data were collected at an initial baseline visit, after week 1 and week 2, and after 1, 3, 6, 9, and 12 months. However, this analysis is restricted to 6-month follow-up data as this analysis was performed when the study was ongoing and final result publication is under preparation. At the initial visit, the investigator documented patient characteristics, medical history of ADHD, and presence or absence of solicited psychiatric comorbidities (anxiety, tic/Tourette syndrome, depression, other psychiatric diseases). The patient's psychosocial situation was assessed using Axis 5 items of the ICD-10 Multiaxial Classification [36] ; additional data were collected regarding the family's socioeconomic background. The investigator rated the patient's level of intelligence, according to Axis 3 of the ICD-10 Multiaxial Classification (very high: IQ >129; high: IQ 115-129; average: IQ 85-114; low: IQ 70-84; IQ unknown). The type and dose of the newly prescribed ADHD-medication as well as the reasons for choice of medication were recorded. For assessment of disease severity, the Attention-Deficit/Hyperactivity Disorder Rating Scale (ADHD-RS) [37, 38] and the Clinical Global Impression-Severity (CGI-S) [39, 40] were used at each visit. Data related to quality of life were also recorded at each visit, using the Global Impression of Perceived Difficulties (GIPD) instrument [41] . The GIPD is a five-item rating of ADHD-related difficulties, assessing (a) difficulties in the morning, (b) difficulties during school, (c) difficulties completing homework, (d) difficulties in the evening, and (e) overall difficulties over the entire day and night. Each item is rated from 1 to 7 (1 = not at all difficult, 7 = extremely difficult) and reflects the situation during the past week. The GIPD total score was derived using the mean of the 5 items. The items are rated separately by patient, parent (or primary caregiver), and physician, allowing comparisons of the different perspectives. In addition, emotional expression was assessed at each visit, using the parent-rated Expression of Emotion Scale for Children (EESC) [23] . The EESC consists of 29 items rated from 1 to 5 (1 = does not apply at all, 5 = applies fully). Higher scores represent higher impairment in expression of emotions.
Since emotional states of the child may be different from those expressed by the parent/caregiver, we wanted to assess the constructs covered by the EESC from a subjective viewpoint. Initially, 4 children were chosen to change the wording of the adult version of the EESC. We used a semistructured interview technique to explore basic aspects of readability and acceptance in children. We also asked the child to explain in his or her own words the meaning of each item. The changed items were then given to 26 additional children instructing them to interpret the items. At least 80% of the children would be expected to fully understand the original meaning. It was expected that not more than 20% of the children would mostly understand the original intention, but not contradict the context. Finally, child psychiatrists and psychologists were asked to match the changed items with the original items from the parent version. This was done in order to establish that the changed items represented the same meaning as in the adult version.
Statistical Analysis
The sample size was determined for the primary endpoint and is explained in another publication [42] . 504 patients were included in the study.
All tests of statistical significance were carried out at a nominal level of 5% using two-tailed test procedures. Twosided confidence intervals (CIs) were computed using a 95% confidence level. Demographic characteristics and baseline variables as well as EESC total scores (parent-and patientrated) and the two patient-rated satisfaction scores over time were analysed using descriptive statistics (mean and standard deviation (SD) if not mentioned otherwise). Agreement between EESC total scores as rated by the parent and the patient was evaluated using a weighted version (SAS default option: Cicchetti-Allison type) of Cohen's Kappa with 95% CI and also using Spearman's correlation coefficient with 95% CI, which were computed at each time point using data from all patients. The same was done on an item basis, but to reduce space only the minimum and the maximum value of the different time points were displayed. The internal consistency of the EESC parent and patient total scores were explored using Cronbach's Alpha for patient and parent ratings as well as item-total correlation using Spearman's version of the correlation coefficient. Again, only minimum and maximum values of the different time points are shown. Floor and ceiling effects and number of missing ratings for the EESC total scores are presented for all visits. As the extreme cases are mostly observed at the first and the last visit, i.e., baseline and 6-month visit, only these results are displayed for the items. Spearman's correlation coefficient and Cohen's weighted Kappa (both with 95% CIs) were used to assess test-retest variability and sensitivity for changes between consecutive visits for the EESC total score for both ratings. Spearman's correlation coefficient with 95% CIs was also used to explore the relationship between EESC total score as rated by the parent and the patient and ADHD symptoms as measured by the physician-rated ADHD-RS total score, hyperactivity/impulsivity subscore, inattention subscore, and the CGI-S for ADHD over time for all patients. Finally, Spearman's correlation coefficient with 95% CI between EESC total score and GIPD total score within parent and patient ratings explore the relationship between the EESC being a specific scale and the GIPD being a less specific scale without having problems with differences between raters. All correlation analyses were repeated using Pearson's version of the correlation coefficient. However, as the results were similar, only Spearman's version, which is based on ranks, is shown.
RESULTS AND DISCUSSION
Results of EESC Patient Version Development
A total of 26 children with an average age of 12 years (SD=3.2) were asked to interpret the adult version of the EESC. It was found that 17 of the 29 items were correctly interpreted by the children according to the intent of the adult version. Four of the items had to be changed because the children could not translate the full meaning of the item. Eight items could not be fully translated by any of the children, most likely due to the differing age groups. Changes were carried out with the children who did not understand the original meaning of the items by explaining the meaning in a manner understandable to that age group. Finally, all 26 children were asked to reinterpret the 12 misunderstood items. All 12 items were appropriately perceived by the children in accordance to the intention of the adult version.
Twelve child and adolescent psychiatrists or psychologists, with experience not only in a clinical setting but also with diagnostic experience, were asked as experts to match the changed items to the original items in the parent version of the EESC. Twenty-seven of the 29 changed items were correctly matched by at least 90% of the experts. Items 2 and 22 were often interchanged, with only 60% matching the original item. In conclusion, it could be determined that the comprehensibility, as seen in the results of the expert rating, shows the child version of the EESC to be equivalent to the adult version.
Results of COMPLY
A total of 504 patients were recruited throughout Germany at 83 investigational sites (316 by paediatricians, 183 by child and adolescent psychiatrists, 3 by primary care physicians, and 2 by adult psychiatrists). The diagnoses of the patients were documented either according to ICD-10 or according to DSM-IV criteria. Of those diagnosed according to DSM-IV criteria (n=70), the combined type of ADHD was diagnosed in 22 (31.4%) of all patients, whilst the "predominantly inattentive" subtype was diagnosed in 27 (38.6%), and ADHD combined type with conduct disorder in 12 (17.1%) of all patients. Of those patients diagnosed according to ICD-10 criteria (n=434), a total of 226 (52.1%) patients were diagnosed with "disturbance of activity and attention" and 155 (35.7%) patients were diagnosed with "hyperkinetic conduct disorder". The diagnostic subgroups "ADHD without hyperactivity" and "other hyperkinetic disorders" were small (43 and 10 individuals, respectively). Two hundred and fifty-four patients reported at least one psychosocial issue as defined by Axis 5 of the ICD-10 classification system. Of those patients, most had problems related to education and literacy (Axis 5 item 8.2) (n=135, 53.2%), educational maladjustment and discord with classmates/workmates (Axis 5 item 8.0) (n=121, 47.6%), lived in an atypical parenting situation (Axis 5 item 5.1) (n=109, 42.9%), or had educational maladjustment and discord with the teacher/boss (Axis 5 item 8.1) (n=84, 33.1%).
Out of all patients (n=504), psychiatric comorbidities were reported in 245 (48.6%) patients, conduct disorder in 108 (21.4%) patients, oppositional defiant disorder in 95 (18.9 %) patients, anxiety disorder in 47 (9.3%) patients, tic disorder in 29 (5.8%) patients, depression in 24 (4.8%) patients, and other psychiatric comorbid disorders in 57 (11.3%) patients.
A total of 252 (50.0%) patients were initiated on treatment with atomoxetine and 247 (49.0%) with stimulant medication (short and/or long-acting methylphenidate). Both types of medication were prescribed concomitantly in 5 patients (1%).
Concomitant drug therapy (multiple naming possible) was prescribed in 19 patients. The large majority of patients (n=485, 96.2%) did not receive any concomitant medication for their psychiatric disorders. More than 98% of the patients claimed not to use any alcohol, tobacco, recreational drugs, or any other illegal drugs.
Non-drug concomitant therapy was prescribed in 353 (70.0%) of the 504 patients, with psychotherapy/psychotherapeutic counselling (n=247, 49.0%), educational measures (n=181, 35.9%), occupational therapy (n=83, 16.5%), and behaviour therapy (n=57, 11.3%) being the most often applied therapies (>10% each). Commonly reported non-drug therapies used prior to study start were applied in 311 (61.7%) of the 504 patients: occupational therapy (n=168, 33.3%), educational measures (n=159, 31.6%), and psychotherapy/psychotherapeutic counselling (n=146, 29.0%) were reported most often (>10% each) (see also Table 1 ).
Measures
The mean EESC total scores decreased similarly for patients and parents and in parallel over 6 months by about 15 points. The patient-rated mean total score of the EESC was always about 3 to 4 points less than the parent-rated score. Furthermore, the SD for the patient-rated total score was about 1 to 2 points less than the parent-rated version. Both satisfaction scores increased in parallel by approximately 2 to 3 points (see Table 2 ). Abbreviations: ADHD=attention-deficit/hyperactivity disorder, SD = standard deviation *Percentages are based on the number of patients diagnosed according to either DSM-IV or ICD-10 not on the total number of patients.
As shown in Table 3 , the agreement and the correlation between the newly devised patient and the parent total score was more or less stable over time. The data suggested that there might be a slight increase of agreement/correlation over time. Both agreement and correlation were in a modest range of approximately 0.5 to 0.6.
Cronbach's Alphas for the different items are shown in Table 4 . Negative values, suggesting that an item was not supporting the total score, were found for items 19 ("My child shows a range of emotions") for both parents and patients and for item 24 ("My child is spontaneous") for patients but not for parents. However, most values were in a range that suggests stability of the scale and concordance with the total score, but the values were not that large, that they suggest redundancy. The item-total correlations resembled the results observed using Cronbach's Alpha. Table 4 contains further information about the agreement and correlation between the previously used parent-and the new patient-rated version. Most values showed a small to moderate correlation and agreement between patients and parents, but items 3 ("My child has sparkle in his/her personality"), 6 ("My child seems easy going"), 14 ("My child's true personality comes through"), and 24 ("My child is spontaneous") showed negligible or no relevant correlation.
Ceiling and floor effects as well as number of missing values are displayed in Table 5 . For the total score, ceiling and floor effects were less than 1% at each time point. The number of observations with missing values, i.e., at least one item missing, is limited with percentages below 5% at baseline and even lower at the following time points. The number of missing data looking at each specific item did not vary markedly. Mostly, missing data were below 1% or in the low single-digit percentages. There were no items that did not provide a differential effect in having 90% of the patients reporting either the lowest or the highest rating. Table 6 provides the correlations and the agreement between consecutive visits for the EESC total score (both patient and parent perspective) to assess test-retest variability and sensitivity for changes. The correlation and the agreement between consecutive visits of the new patient total score were found to be similar to the parent total scores. Over time, both correlations and agreements were moderate, showing that some change can be detected, but both versions of the scale seem to be stable enough to be reliable.
The correlations between EESC total scores (parent and patient perspective) and ADHD core symptoms as measured by the ADHD-RS total score and subscores, as well as the CGI-S for ADHD, are provided in Table 7 . The correlations between the EESC total score and the scales assessing the core symptoms of the disease (ADHD-RS and CGI-S) were small to moderate for both the patient and the parent ratings. The correlations were similar for patients and parents at baseline and after one week (visit 2). At subsequent visits, there was a trend for parent ratings to be more strongly correlated with the core symptom scales rated by the physician. The point estimates of the correlations for inattentive symptoms were always higher than the point estimates for hyperactive/impulsive symptoms as measured on the respective subscores of the ADHD-RS. This was the case both for parent and patient ratings. For parent ratings, confidence intervals for these two correlations were not overlapping or nearly not overlapping from week 1 onwards.
The correlation between the GIPD and the EESC within raters provided in Table 8 , e.g., comparing the patient-rated GIPD with patient-rated EESC, was constant over time and always approximately 0.5. 
DISCUSSION
The aim of this particular analysis of 6-month data from an ongoing observational ADHD medication study was to evaluate the parent-and the newly devised patient-rated versions of the EESC in an observational setting and to compare it with other scales used in this study.
Some items were translated intuitively correct; however, some items required correction. Item 3 was intensely discussed. It was interpreted differently by the children. However, the result showed good support for the overall aim of the scale. Item 14 was initially perceived differently for children (being happy) vs adolescents (could concentrate well), but also differently to the parent rating.
Overall, the translation was successful. The concept of having children involved in the development of the new version is relevant to the future of construction of new screening tools to be used in the diagnostic process. Only in being able to obtain information from the patient can health professionals fully access the status of the child and the success of the therapy.
The EESC total scores decrease similarly for patients and parents and in parallel over time by about 15 points. Given that this is a little less than one standard deviation and that all patients started pharmacotherapy at baseline, it suggests that the new patient-rated EESC version is as sensitive to change as the parent-rated version. This is also supported by the moderate correlation and agreement of measurements at consecutive visits. Interestingly, the new patient-rated total score was always about 3 to 4 points lower than the parent-rated score. This difference in patient and parent ratings was also found for the GIPD [41] . One can only speculate about the reason for such differences. Either the severity of the disorder is less perceived by the patients compared to the parents, or the understanding of the items is different. In the case of the EESC, the latter might be supported by the negligible correlation of the patient and parent rating of the EESC items 3 ("My child has sparkle in his/her personality"), 6 ("My child seems easy going"), 14 ("My child's true personality comes through"), and 24 ("My child is spontaneous") for patients.
Ceiling and floor effects as well as the amount of missing items were quite limited. This supports that the scale can be easily applied and that it is possible to detect differences between patients at the upper and lower end of emotional expression. In addition, item-total correlations and analysis of Cronbach's Alpha showed mostly good support of the different items for the total scores. Only the items 19 ("My child shows a range of emotions") for both parents and patients and for item 24 ("My child is spontaneous") for patients might have been misunderstood by raters.
The correlation between raters within EESC was of similar size compared to correlation within raters comparing EESC and GIPD, i.e., approximately 0.5. These correlations between EESC and GIPD were generally higher than between EESC and scales measuring core symptoms (ADHD-RS/CGI-S) -especially for hyperactivity/impulsivity. Earlier studies on the correlations between the ratings of behavioral and emotional problems as rated by parents and children or adolescents also reveal little agreement in the ratings of parents and their children. For example, Achenbach et al., found in their meta-analysis a correlation of r=0.25 between parents and children ratings of behavioral and emotional problems [43] . This result was replicated in a German sample [44] . This supports that Emotional Expression is a concept beyond core symptoms of ADHD. The more general questions of the GIPD might capture some of this concept more than the very specific questions of the ADHD-RS. Furthermore, the additional perspective of the patient complements the clinical perspective as well as the information provided by the parent.
Of special interest in this regard is the observation that the point estimates of the correlations for inattentive symptoms were always higher than the point estimates for hyperactive/impulsive symptoms as measured on the respective subscores of the ADHD-RS and also always higher (except for the patient-rating at baseline) for the CGI-S. This was the case both for parent and patient ratings. It might be either that some items of the EESC reflect or are misinterpreted as inattention like "My child does not talk enough", "My child zones out", or "My child's emotions seem flat". Or the latent concept of inattention is more closely related to the concept of emotional expression than hyperactivity and impulsivity. As the CGI-S measures both the inattentive symptoms as well as the hyperactive/impulsive symptoms, correlations were mostly between those for the two subscores of the ADHD-RS.
However, over time there was a trend for the parent-rated EESC to be more strongly correlated with the core symptoms scales than the new patient-rated EESC. A similar between parent and physician perspectives may be due to the fact that the physicians based their ratings primarily on the information from the parents rather than the patients. A continued improvement of the relationship between parents and physicians might thus explain an increase of the correlations between their ratings observed in this study. The smaller correlation for the patient-rated version of the EESC underscores that this new scale contains more additional information than the parent-rated version.
CONCLUSIONS
In summary, this analysis showed that both the parentand the patient-rated version of the EESC are tools that can be used in routine settings in addition to clinical study centres. Both versions of the EESC have sound psychometric properties. Finally, the newly devised patient-rated version of the EESC provides additional insight and further investigation of the patient-rated scale might be beneficial. It might be possible to detect differences between treatment options in terms of this patient-assessed emotional expression.
COMPETING INTERESTS
Research was funded by Lilly Deutschland GmbH, Bad Homburg, Germany. Alexander Schacht is and Peter Wehmeier was employee of Lilly Deutschland GmbH.
Alexander Schacht is stockholder of Eli Lilly.
Michael Huss is member of Eli Lilly advisory board and has received an unrestricted fund by Eli Lilly.
AUTHOR CONTRIBUTION
Alexander Schacht has made substantial contributions to conception, design, analysis, and interpretation of data; has been involved in drafting the manuscript and revising it critically for important intellectual content; and has given final approval of the version to be published.
Peter Wehmeier has made substantial contributions to conception, design, and interpretation of data; has been involved in revising the manuscript critically for important intellectual content; and has given final approval of the version to be published.
Michael Huss has made substantial contributions to analysis, and interpretation of data; has been involved in drafting the manuscript and revising it critically for important intellectual content; and has given final approval of the version to be published.
Arne Bürger contributed to the data analysis and drafted manuscript. He revised the manuscript for important intellectual content.
